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ABSTRACT
The City of Ames Fire Department has not conducted aforma review of ation locations
and response times since 1984. The purpose of this research was to analyze current response
times and make recommendations if the present two station locations were insufficient to provide
adequate emergency fire suppression services.
Higtorica and action research methods were employed to answer the following questions:

1. Arethereregulations, sandards, and fire service hazards that define or dictate
response times?

2. Do Ames present two-gation scenario and current Sites adequately serve the
community?

3. Could an additiond third or fourth station improve the ddivery of fire suppresson
services?

4. Arethere potentia partnersfor fire station Site and expense sharing?

The literature review found nationdly accepted guiddines for five-minute emergency
response times. Increased use of synthetic products has reduced the time necessary for a structure
to reach flashover. Asareault of increased fud loads, truss systems used in most Structures are
exposed to higher temperatures earlier in the fire's progression. The use of truss systems has the
potentid for rapid failure of floor and roof systems trapping occupants and responders.

Interviews, areview of the Land Use Policy Plan, and andysis of Nationd Fire Incident
Reporting System data project continuing growth in population, emergency cadls, and acres
within Ames' city boundaries.

Reaults of the Geographic Information System andyds of five scenarios highlight

deficienciesin the current two station-response cagpabilities. Geographic Information System



andydgs of current city limits and projected growth areas by the year 2015 show adecline from
78% adequate coverage to 68% in 17 years.

Recommendetions include first proceeding with additiona research to find three new
specific sation locations, second, retain current tation #1, and third, establishing atotd of four
gations.

Didogues with identified Ste-sharing partners should be initiated.
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INTRODUCTION

The Ames Fire Department (AFD) has, as a continuing process, the responsibility to
perform evauation of its response readiness. On February 9, 1998, City Manager Steve
Schainker established performance priorities for the AFD that included, “Working with
Manager’ s Office to develop citywide emergency response plan [Sic], exploring dl options,
including non-traditiond” (persona communication, February 9, 1998). A mgor problem
identified was the lack of aformd review of station locations and response times since
December of 1984.

The purpose of this research project isto analyze current response times and make
recommendations if deficiencies are found. Historical and action research methods were
employed to answer the following questions:

1. Arethereregulations, sandards, and fire service hazards that define or dictate response
times?

2. Do Ames present two-gtation scenario and current sites adequately serve the community?

3. Could an additiond third or fourth station improve the delivery of fire suppresson services?

4. Arethere potentid partnersfor fire station Site and expense sharing?



BACKGROUND AND SIGNIFICANCE

Population and Trends

In 1975, the city consisted of 9,602 incorporated acres with a population of 43,561 and
16,890 housing units. Population density was 4.5 persons per acre. In 1995, the city consisted of
10,439 incorporated acres with a population of 48,691 and 18,300 housing units. Population
density was 4.7 persons per acre. (Land Use Policy Plan [LUPP], 1997)

Projection for growth by the year 2015 estimates alow of 59,500 to a high of 60,800
resdents. Esimates for the number of housing units run from alow of 21,000 to ahigh of 21,500
units. In order to sugtain the increase in population and housing units, the LUPP (1997, pp. 24)
estimates an increase in incorporated area through annexation of 3,000 to 3,500 acres.

The LUPP (1997) estimates sgnificant growth in population, housing units, and the
incorporated acres. Table 1 ligts, in twenty-year increments, the estimated growth and the
percentage of growth based on 1975 census figures contained in the LUPP.

Teblel

Historical and projected growth of area, population, and housing units

Year | Acres |% Growth| Population % Growth| Housing Units|% Growth
1975| 9,602 Base 43,561 Base 16,890 Base
1995| 10,439 9% 48,691 12% 18,300 8%
2015| 13,939 45% 60,800 40% 21,500 27%

Additiona population projections for Ames indicate arange of popuation growth from
10,809 to 12,109 residents by the year 2015. (Appendix A)
Additiond housing projections for Amesindicate arange of growth from 2,700 to 3,200

housing units by the year 2015. (Appendix B)



Land use for resdentia properties as a percentage of tota land available is projected to

increase from 17% in 1994 to 21% in 2030. Land use for indudtrial and commercia use asa

percentage of total land availableis projected to increase from 3% in 1994 to 5% in 2030.

(Appendix C)

Fire Department | ncident Summary

The AFD has maintained a Nationd Fire Incident Reporting System (NFIRS) since 1983.

Table 2 summarizes the increase in emergency response cals in five-year increments between

1983 and 1997. More details are included in Appendix D.

Table2

Comparison of population, AFD incident calls, and associated percentages

Fire Calls Non-fire (IZ\Izj Ins-grsea
. . 0
Y ear Population | Total Calls | FireCalls | asa% of Calls % of Total
Total Calls
Calls
1983 45,251 508 119 23% 389 7%
1988 46,633 795 164 21% 631 79%
1992 47,766 839 167 20% 672 80%
1997 49 277 1,385 189 14% 1196 86%

During the preceding fifteen years, the population has increased by 8.9%. From 1983 to

1997, the increase in fire department responses was 172.6%. The number of fire calls increased

from 119 to 189, for a percentage increase of 58.8%, yet the percentage of fire calls compared to

total cals decreased from 23% to 14%. The mgority of increasein total calswasthe increasein

non-fire cals from 389 to 1196 for atota increase of 307.5%.

Much of theincreasein total response cals are aresult of the department’ s programs to

increase services to the public. New programs for emergency medical services, carbon monoxide

detection, hazardous materias spills, and confined space rescue have been developed since 1983.




A dgnificant comparison isthe rate of population increase, 8.9%, to thefire call increase of
58.8%.

Fire Station L ocations

In 1966, AFD headquarters were located in the City Hdl at Fifth Street and Kellogg, and
a second station was added at Welch and Chamberlain. A new station was built and one closed
when the AFD headquarters were moved to 1300 Burnett in 1979. When the new station opened,
three additiond firefighters were added to bring the total to 42. Three additiond firefighters were
added in 1998 for the current total of 45 suppression personnel.

Fire Station #1, AFD headquarters, is located in a predominately residentia setting and
sarves as thefirgt in response for the eastern one-haf of Ames. Fire Station #2 islocated in a
commercia areaclose to lowa State University (1SU) and serves asthefirst in response for the
university and the western one-hdf of Ames.

When Station #2 was built, it was on the southern edge of the developed arealocally
caled “Campustown.” In the following years, development occurred south of the station. The
development of dormitories, gpartments, and retail stores has significantly increased the traffic
on Welch Avenue. The increased traffic has caused response problems and increased safety
concerns for response units and loca pedestrian/vehicular traffic.

This paper was prepared to satisfy the request of the Ames City Manager, Steve
Schainker, and the requirements of the applied research report associated with the Executive
Development course & the Nationa Fire Academy. This research relates to the Executive
Development course by utilizing problem solving methodology to determine the way things are

versus the way they should be and as atool to address service qudity.



This research has sgnificant impact on the process of planning for suppression services
in the community of Ames. The AFD has had and continues to seek the delivery of prevention
and suppression services according to adopted codes, national standards, and legal requirements.
Thisresearch will provide the basis for evauation of continuing compliance. By andyzing the
present station locations and their related response times, the AFD can plan for the predicted
growth of the community. Andlysis of potentid additiond station’s increased service levels will
edtablish the basis for future research addressing new gtation cogt judtification. Establishing alist
of potentid dtation Ste partnersis the beginning of dialogues with potentid cross-jurisdiction

and private industry sources that may reduce initid and operating costs.

LITERATURE REVIEW
Theliterature review section focused on historical perspectives related to existing
standards for response times and the possible effects response times have on life and property
loss.

Response Time Standar ds

Severd studies have been conducted on the effect of response time on reduction of loss
of life and property. Peterson (1991, pp. 10-43) states, “As aready described, time is another
critica factor in the evaluation of public fire protection. It is generaly conddered that the firgt-
arriving piece of gpparatus should be at the emergency scene within five minutes of the sounding
of the larm, since additional minutes are needed to Sze up the Stuation, deploy hose lines,

initiate search and rescue, etc.” Proper training can reduce the time necessary for Sarting



operaions. By positioning gpparatus and manpower strategicaly throughout the community,
overdl response time of five minutes or less can be attained.

Legdation regulating emergency response time requirements has yet to be enacted.
Recommendations and industry standards range from three to six minutes. The Phoenix Fire
Department has established a performance goa of a three-minute response time. One of the
determining factors is the climate of the community concerned. Morris (1993, pp. 2) States,
“gudies indicate we can expect flashover to occur in approximately five to seven minutes after
open flame occurs.”

Whether the fire stays smadl or becomes large is dependent on available fudls,
congtruction methods, and adequate oxygen. Often the only additiond variable that the fire
department’ s suppression group can address is the amount of time the fire has to develop.
Addressing thisissue Peterson (1991, pp. 10-43) dates, “The firgt five minutes of most firesis
the determining factor as to whether that fire will remain asmdl fire or become alarge fire”

Often when fire gpparatus drivers know they have long response distances, safety
consderations take a second place and can endanger both responders and citizens. Cote and
Bugbee (1979) date that the five-minute response guideline must not come at the expense of
safety.

Effects Response Times Have on L oss of Life and Property - Flashover

Fires progress in a geometric manner where a doubling of time normaly resultsin a
multiplication of fire damage grester than two. Conservation of life and property is best served
by mitigation prior to flashover. Mittendorf (1986) states that the primary cause of life and
property lossis flashover's sudden change from a tenable atmosphere with good vighbility and

moderate heet to an atmosphere where death occurs within seconds.



Coleman (1988, pp. 120) stated the following:
Consdering that the time required for flashover in structurd fires with sandard
fudsistypicaly about seven minutes, the gpparatus and firefighters must arrive
and get operating very quickly. If it takes aresident two or three minutes to
discover and report afire and three minutes for the apparatus to be dispatched and
arive, the 9zing up and initid attack need to be done in a minute or two, or the
typicd firewill have grown sgnificantly in Sze. An unconscious person with
depleted oxygen will typicaly suffer permanent brain damage after gpproximately
four minutes. All of this needs to be considered within the context of multiple
adarm fires and smultaneous alarms. Delayed response and understaffed response
gppear inevitable under those circumstances, unless planning is complete.
Fuel L oad
Plagtics generate more heat per pound than natural components. Plastics rapidly generate
more dense smoke that causes responders and occupants to become disoriented, thereby unable
to find exits before flashover occurs. Dunn (1990, pp. 54) makes the point that, “ Today’s
synthetic furnishings— drapes, rugs, chairs, tables, and beds — are more dangerous when they
burn than were the home furnishings of 30 years ago.” Increased use of combustible wall
coverings has contributed to earlier flashover and increased the occurrence of flashover.

Truss Construction

Truss condruction utilizes lightweight cost effective materias to span roof and floor
gpaces. Almogt al structures built in Amesin the last twenty years have some truss components.
Routley (1989, pp. 50) states, “To meet a one-hour fire rating, atruss assembly relies dmost

entirely on itsfire resstive celling to keep the fire out of the truss space. Once the fire penetrates



the lower membrane, the endurance of the assembly can be measured in minutes, usudly very
few minutes”

One of the dangers wood truss construction poses when exposed to fire relates to the
method used to construct the truss itsdlf. Fornell (1995, pp. 44) states, “Remember, as heated
gusst plates pull away from wood members, the roof or floor might remain in place, only to fall
when vibration or firefighters weight overloads the weakened assembly.”

Floor, celling, and roof trusses change the manner and available time for fire attacks. It
places greater emphasis on early attack with adequate water supply. Mittendorf (1991, pp. 51)
lists the three principa hazards related to truss congtruction as, “weak roof, early failure rate,
collapse without warning.” Incident commanders need to remember that a roof too dangerous to
work on should never be worked under.

Time available for occupant evacuation in resdentia, commercid and indudtrid
buildingsis reduced in any truss-constructed structure. Brannigan (1989, pp. 80) makes the point
that, “A trussisatruss. Light wood, heavy timber, stedl, or wood and steel combinations are
equaly hazardous. There are many kinds of trusses. From a construction perspective, they dl
share the same basic advantages, which are disastrous disadvantages for firefighters.”

The literature review identifies our industry’ s recommendation of five minutes for
response times. Additiona information on fuel |oads and modern congtruction methods add

sgnificant judtification thet afive-minute response time is more important today than in the past.



PROCEDURES

The purpose of the research was to prepare recommendations relating to response times,
asapart of the citywide emergency response plan, to be presented to the City Manager by
August of 1998. The literature review was historica research. It focused on two primary aress.
Firgt, to identify standards and recommendeations for response times and second, to determine
possible effects of response times on life and property loss.

The literature review used began at the Nationd Fire Academy’s (NFA) Learning
Resource Center (LRC) in April of 1998. Additional material was obtained through Fire Service
Indtitute (FSI) at ISU and alibrary maintained by the AFD.

The research was action research, in that the resulting information, was utilized to make
recommendations for improving the delivery of emergency services to personsresiding in and
vigting Ames. A component of delivery of servicesis the response time necessary to arrive a
the incident.

Interviews were conducted with Brian O’ Connell, Director of Planning and Housing for
the City of Ames, and Ray Anderson, Planner for the City of Ames, on April 22, 1998. The
interviews were conducted to gain additiona insghtsto the City’s Land Use Policy Plan
(LUPP), adopted on August 22, 1997, and to obtain their projections of growth not included in
the LUPP or developed after the LUPP s adoption.

Site sharing with private sector and cross-jurisdictiona partners was evauated. The
AFD’s adminidrative team established alist of potentid private industry or governmenta
agencies. Possible site partners were eva uated by:

1. Compatibility of services

2. Site accesshility requirements



3. Building design requirements
4. Capability to contribute to funding construction
5. Compatibility of schedulesfor construction

Since 1983, the AFD has collected data as part of the Nationa Fire Incident Reporting
System (NFIRS). Reports from the NFIRS are generated using Fire One software from Forge
Technologies Inc. Reports were generated for the years 1983 through 1997. Totd calls, fire cdls,
and non-fire cals for each year in the fifteen-year period provided data for trend analyss.

Trends and projections were calculated for an eighteentyear period, from 1998 to 2015.
Projections and trends were calculated using Microsoft Excel spreadsheet. Excd’ strend function
gyntax is TREND(known_y’s, known_x’s, new_x’s,constant) and is used to provide linear
growth trends.

An additiona method for projecting incident growth was developed using the increase in
population as the basis for incident cal increases. Utilizing projected population increases from
the LUPP asthe basisfor cdl increases diminates the increases in calls due to the addition of
services offered for non-fire calsin the last 15 years. Future increases were caculated for nort
fire cals by dividing the resdent population by the 1997 non-fire cal figure. The frequency of
non-fire calls to population was then gpplied to projected populations to cal culate the projection
for nonfire cdls through 2015.

An andlyss of the present station locations and their effect on response times was
conducted. The City of Ames maintains a Geographic Information System (GIS). The GIShasa
computer-mapping program from ESRI caled ArcView. The AFD purchased a software

extenson from ERSl called Arc Network. Arc Network allows line street maps to be used for

emergency response planning.
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The GIS was utilized to cdculate distances from present and proposed sitesto
neighborhood nodes. Two hundred thirty-nine neighborhood nodes were established. The nodes
were established by dividing the city into four quadrants. Within each quadrant, nodes were
centered in areas of gpproximately four blocks. The size of the area containing each node varied
by geographic barriers, street access, population, and land use. Target zones were aso identified
and prioritized using the assessor’ s code for occupancy use. Each land parcel hasa
corresponding land use code. Target zones were defined as high density residentid, hospitd,
universty, commercid, and industria land use. Parcels identified as target zones were numbered
as specific neighborhood nodes. Nodes were used to vdidate the formula used to calculate
response time boundaries.

The GIS produced E-sze color-coded land use maps with fire department response zones
delineated by an outline of the response digtrict’s perimeter. Mapping the land use by assessor's
code and overlaying the response identified whether adequate coverage was obtained in the
scenarios considered. The E-size maps were produced for presentations to the city adminigration
and are not included in this report. Tabloid size representations, 11" by 177, of the E-9ze maps
areincluded in appendices G to P.

Distances were converted to time estimates based upon the formulas developed in the
Rand Fire Project (Chiken, 1979, pp. 166). When distances are under .38 miles, the formulais
E(Tj) = 2.100D;;, and when distances are over .38 miles, the formulais E(Tj;) = 0.65+1.70D;;.
When the distance is .38 miles, ether formula resultsin the same time estimate,

The GIS system then cdculated dl possible routes from the present and proposed
locations to the nodes located in neighborhoods throughout the four quadrants. The computer

would then plot the run districts and produce run district maps.



Test runs were conducted to verify the accuracy of the calculated distances. Ten percent
of the neighborhood nodes were tested. The GIS caculated the run digtrict for the existing
gations. Node points at the extreme edge of the calculated run district were selected. Test runs
were conducted on July 8, 1998 and July 9, 1998. Runs were conducted between 14:00 and
18:30 in order to sample pre-peak, peak, and post-peak traffic periods.

In order to eva uate present and potentia response times, five possible station location
scenarios were developed by the AFD’ s adminigrative staff:

Scenario #1
Keep current station locations.

Scenario #2
Keep current station locations with rail crossings closed.

Scenario #3
Keep Station #1 at the current location, close Station #2 and build two new sations.

Scenario #4
Keep Station #1 at the current location, close Station #2 and build three new gtations.

Scenario #5
Close both existing stations and build four new stations.

Limitations

The study was limited to fire incident response and does not include emergency medica
response considerations. The AFD has a partnership with Mary Gredey Medica Center
(MGMC) for emergency medica response where the AFD providesfirgt-in basc life support and
limited advanced life support. Current talks conducted by the City Manager’s officein
conjunction with adminigrative personne from MGMC may significantly affect thefind

recommendations for future sation locations.
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Issues related to response times including specific Site sdlection, manning, sation
configurations, and gpparatus acquisition are not included in this report.

Popul ation estimates are based upon census data for residents and LUPP population
projections. Statistics for daytime populations including visitors, employees who work in Ames
and live e sawhere, nonresident |SU students, medica patients, and business customers are not
avalable.

The research was limited to the effects of station locations and their corresponding travel
time to response aress defined by neighborhood nodes. Chiken's (1979, pp. 83) definition of
total response time includes a broader definition asillugtrated in Table 3.

Teble3

Definition of response time components

Total Response Time

\ 4 v
Incident 911 Digpatch '?JFD AFD Services Emergency
. nit . )
Starts Cdl Notifies L eaves Unit Begin Is
Received AFD Station Arrives Mitigated
: Time
Digpatch Turnout Trave Setup i
DTS o B ORI T, o p e

| A

< Response Time
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Training and standard operating guiddines can shorten response time by adequately
addressing dispatch time, turnout time, and setup time. Thisresearch is limited to the station’s
location and its corresponding travel time.

Definition of Terms

Response Times - Amount of time, in minutes, from AFD notification by Ames Police

Digpatch to moment when response vehicle arrives curbsde on scene.

Tota Response Time - A measurement of time from the gart of the emergency to its

termination. Tota response time includes time prior to reporting, notification, time in station
before unit leaves, travel time, operations setup, operations, and ends at termination.

Flashover - The sudden ignition of exposed combustible surfaces and/or combustible
gasesin an involved areathat results in a sudden and intense rise in temperature.

Fire Cdls - The emergency response incidents where damages were incurred due to the
presence of uncontrolled fire. The largest categories are structure and vehicle fires.

Nontfire Cdls - Emergency response calls where fire was not present. The largest
categories are Emergency Medica Response, response to automatic fire darms, and carbon

monoxide detection.



RESULTS
The applied research results include: 1) findings of the literature review addressing
regulations, standards, and fire service hazards, 2) observations from interviews with personnel
from the Ames Planning and Zoning Department; 3) detalls of the AFD adminigtrative meeting
to determine potentid Ste-sharing partners, 4) analysis of NFIRS data with trends and

projections; 5) presentation of GIS data for the five station location scenarios.

Literature Review Results

Trave time, a component of total response time, is an important variable that is not
currently legidated. Recommendations vary from three to Sx minutes depending on leve of
service standards established by the adminigiration of the community.

Response times are typicaly broken into the four components listed in Table 3. Travel
time would normally comprise one to four minutes of response time. Dispaich time, turnout time,
and stup time typicaly add two minutes to travel time and complete the sum for response time.

Quick action is necessary in order to preserve life and property. Flashover changes a
tenable amaosphere to alethd amaosphere. The avallability of fuel, oxygen, and buildup of heat
may be beyond the contral of the fire service, but the amount of time before mitigation can be
addressed through planning, adequate procedures, and strategically located resources.

A contributing factor to the decrease in time when flashover occursiis the increased fud
loads in modern occupancies. The increased use of synthetics for coverings and components has

sgnificantly increased the heat and smoke produced over natural components.

15



Lightweight congtruction techniques typicaly include the use of truss congtruction. Truss
construction reduces building costs and decreases the time until structura collgpse occurs during
fires.

All trusses have amilar characterigtics. Thefailure of a single component in an individud
truss can cause load shifting that poses significant chance of totd system failure. There are not
sgnificant differences in how varying types of trusses react to fire exposure.

The literature review verifies the need for quick response to today’ s occupancies for the
purpose of mitigating fires prior to flashover. A decrease in time to flashover occurs due to
increased fud loads. Light weight congtruction methods utilizing truss congtruction causes a
decrease in time for escape and interior operations due to structural collapse.

Interviews, Planning and Zoning

On August 22, 1997, the Ames Planning and Zoning Department completed the LUPP.
Interviews with the department head, Brian O’ Conndll, and Ray Anderson, Planner for the City
of Ames, added significant ingght to the LUPP sreport. In the year 2001, the Planning and
Zoning Department will update the LUPP.

Ames roleis changing from aloca commercia center to one of a more regiona scope.
Mass merchandisers are locating on the high traffic edges of the community in the hope of
attracting high volume traffic. The addition of commercia business on the fringes of the city
limits, places additiona burdens for adequate response times, compounded by alarger number of
visitors and their potential need for services.

Commercia Centers are designated in the LUPP asfollows.

16
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1. Highway-Oriented Commercia (Neighborhood/Community-scale) - Commercia uses
that are associated with strip devel opments dong major thoroughfares. Customers are
normally from the loca neighborhood.

Examples— A. Lincoln Way from Grand east to the Skunk River and Duff
Ave from the railroad to Hwy 30

B. Airport road, Hwy 30, Duff North to Squaw Creek

C. Green Hillsarea
D. West Lincoln Way and county lineroad area

E. West Lincoln Way from the 3200 block to 4200 block

2. Community Commercia Node (Community-scal€e) - Commercia uses that are

associated with cluster developments and that, compared with Highway-Oriented
Commercia, have more specific uses, shared parking and common design fegtures.

Customers are normdly from the community or traveling through the community for

other reasons.

Examples— A. Campustown — Exiding
B. NW corner of 13" and Dayton — Planned with approva in

weeks

C. NE corner of Hwy 30 and South Dakota— planned with
development occurring in 3 to 5 years, after highway 30

intersection isingtaled
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D. Intersection of North Dakota and extended Bloomington
Road — part of the NE growth area (conditiona on severd
factors and developed in excess of fifteen years)

3. Regiond Commercid (Regiond-scale) - Commercid usesthat are associated with

major retail and service centers near limited-access thoroughfares. Customers

normaly travel from within the community and from outsde the community to

conduct business or shop.
Examples— A. North Grand Mdll
B. East of Interstate 35 bound north by Lincoln Way (old Hwy

30) and approximatdy ¥mile south of new Hwy 30

4. Downtown Services Center - Speciaized business services, governmenta services and

retail commercid usesthat are associated with highly intense activities and centrd
location. Specidized mixing of activities, parking and design provisons may apply.
Cusgtomers are often amix of neighborhood, community and regiond.
Examples— A. Downtown Ames
Ames has adopted the LUPP with the intention of prioritizing growth through the
dlocation of infrastructure in amanner to facilitate growth while planning for adequate services.
The mgor growth or resdential areas are designated as.
1. The SW growth area— firgt to be devel oped — designated as village/suburban
resdentia. North border isthe railway.
2. NW growth area— development within 20 to 30+ years depending on utilization of the

SW growth area and 1SU making land available in the SW growth area.
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Brian O’ Connell pointed out the LUPP projection for annua growth rates of between .5%
to .6% annudly. Since the time when the LUPP was adopted, commercia growth and future
projections have met the LUPP projections and may exceed the origina expectations.

Due to the development of the Barilla Site and the extension of water and sewer east of
Interstate 35, a new areafor development is possible. The areais quite vast and could extend as
far asNevada. A more likdly prediction would be East of Interstate 35 for two miles, north one
mile past old Lincoln Way, and south one mile of Highway 30.

Ray Anderson presented information contained in a draft report titled “ Summary of
Exigting Trangportation System Deficiencies’ (Barton, Aschen, 1998, pp.15). Train traffic on
Duff Avenue and Dayton Road prevents normal access to the southeast quadrant of Ames. Table
4 shows the current and the year 1999 anticipated train traffic:

Teble4

Anticipated increase in rail traffic and train length

Per cent of
: : Hours per Da : . Number Of
Year Tra[J)ns per Trainsper Croslz,ings Y Tlmg Daily Carsper
ay Hour Closed Crossings are Train
Closed
1998 66 2.75 3.05 12.7% 120
1999 100 4.2 4.6 19.2% 150

Train traffic in Ames presents daily potentid for Sgnificant fire department emergency

response delays. Severa possible solutions for the train delays are being considered. All of the

suggestions involve large capita expenditures and will take subgtantia time to implement. A

suggestion made at the meeting was to develop future station location scenarios that would place

the first in company at locations where they could not be blocked by train traffic.
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Potential Site Sharing Partners

On April 24,1998, a meeting was held with Chief Michad T. Childs, Deputy Chief of
Support, Phil L. Harris, and Deputy Chief of Operations, Clint Petersen. Using the criteria
described in this report’ s procedures, alist of potentia Ste-sharing partners was devel oped.

Part of the discussion focused on how the selection of a Site-sharing partner would affect
the type of station constructed. Examples of the various Station types follows:

1. Traditiona single gation with limited space for secondary occupancy

2. Resdentid type congtruction where station blends into predominately resdential

neighborhood

3. Strip mal congtruction where station is located in one or more baystypica of

modular strip mal congtruction

4. Industrid or commercid congtruction type of station where alarger entity shares part

of its space with the department

Severa ideas concerning potentid Ste-sharing partners were discussed. Thelig islimited
to potentid Ste-sharing partners who have expressed an interest, or are currently considering
congtruction, or control property that initidly isin alocation of interest to the department. A list
of potentid dte-sharing partners follows:

1. Mary Gredey Medical Center

2. lowa State University Fire Service Extenson

3. Story County Sheriff

4. Ames Public Works

5. Ames Convention and Vistors Bureau

6. United States Army Reserve



Ames Fire Department National Firelncident Reporting Systemm Data

The andysis of AFD emergency calls sarted with historical data from 1983 to 1997.
Cdlswere categorized astota cdls, fire cdls, and non-fire cdls. Fire cal and non-firecal
percentages were calculated and the sum equastota cals.

Population information for years 1983 to 1997, obtained through the LUPP, was included
to facilitate andyss of the number of fire and non-fire calls divided into the population. Table 5

shows the number, percentage of tota, and population divided by call type.
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Table5

Historica NFIRS Datafor AFD
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Year |Population| Total | Fire Fire Residents |Non-Fire| Non-Fire |Residentsper
Calls |Calls| Call % per Calls Call % Non-Fire
Fire Call Call
1983 45,251 508 | 119 23% 380 339 7% 116
1984 45524 541 | 138 26% 330 403 74% 113
1985 45,799 585 | 157 2% 292 428 73% 107
1986 46,075 600 | 156 26% 295 444 74% 104
1987 46,354 780 | 165 21% 281 615 7% 7
1988 46,633 795 | 164 21% 284 631 7% 74
1989 46,915 788 | 164 21% 286 624 7% 7
1990 47,198 767 | 155 20% 305 612 80% 77
1991 47,468 788 | 127 16% 374 661 84% 72
1992 47,739 839 | 167 20% 286 672 80% 71
1993 48,009 986 | 127 13% 378 859 87% 56
1994 48280 1164 | 181 16% 267 983 84% 49
1995 48550 1,232 | 186 15% 261 1,046 85% 46
1996 49091 1,316 | 199 15% 247 1117 85% 44
1997 49639 1,385 | 189 14% 263 1,196 86% 42

callsincreased by 59% and non-fire cals increased by 307%.

Table 5 datareveds a 10% increase in population and a 273% increase in totd calls. Fire

In 1983, an average of one person in 380 was involved in afire cal. 1997 involved an

average of one personin 263 in afirecal.

an average of one person in 42 in anonfire cdl.

In 1983, an average of one person in 116 was involved in anontfire cal. 1997 involved

Linear trend andysis was used to andyze tota cdls, fire cals, and non-fire cals through

the year 2015. The year 2015 was used to maintain consistency throughout this report. Table 6

population growth estimates were obtained through the LUPP.
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Table 6

Projections of call levels based upon linear growth trend caculations

Year |Population| Total | Fire Fire [Residentsper|Non-Fire| Non-Fire |Residentsper
Calls |Calls| Call % Fire Call Calls Call % Non-Fire Call
1998 49970 1,357 | 187 14% 267 1,170 86% 43
1999 50,301 1,418 | 190 13% 264 1,227 87% 41
2000 50,633 1,478 | 194 13% 261 1,285 87% 39
2001 50,964| 1,539 | 197 13% 258 1,342 87% 38
2002 51,295 1,600 | 201 13% 256 1,399 87% 37
2003 51,626 1,660 | 204 12% 253 1,456 88% 35
2004 51,957 1,721 | 207 12% 251 1,514 88% 34
2005 52,288 1,782 | 211 12% 248 1,571 88% 33
2006 52,620, 1,842 | 214 12% 246 1,628 88% 32
2007 52,951 1,903 | 218 11% 243 1,685 89% 31
2008 53,282 1,964 | 221 11% 241 1,743 89% 31
2009 53613 2,024 | 224 11% 239 1,800 89% 30
2010 53,944 2,085 | 228 11% 237 1,857 89% 29
2011 54,275 2,146 | 231 11% 235 1,914 89% 28
2012 54,607| 2,206 | 235 11% 233 1,972 89% 28
2013 54,938 2,267 | 238 11% 231 2,029 89% 27
2014 55,269| 2,328 | 242 10% 229 2,086 90% 26
2015 55,600 2,388 | 245 10% 227 2,143 90% 26

Table 6 data from the LUPP estimates a 11% increase in population and the linear trend a
76% increasein totd calls. Fire cals could increase by 31% and non-fire calsincrease by 83%.

In 1998, an average of one person in 267 could be involved in afire call. 2015 trends
involve an average of one person in 227 in afire cdl.

In 1998, an average of one person in 43 could be involved in anon-fire cal. 2015 trends
involve an average of one person in 26 in anon-firecdl.

Linear growth trend analysis represents the high end of expectations for growth of AFD
cals. From 1983 to 1997, the AFD increased the number of service programs offered to Ames

citizens. Some of theincrease in non-fire calls and totd calls was due to the increased emergency
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response implemented during the fifteentyear period. The high rate of increased offerings is not

expected to continue at alinear rate.

Additiona anadlyss was conducted using the increase in population, asthe bassfor an

increase in total cals by adopting the assumption that without increases in services the retio of

people involved in non-fire cals to the population will stabilize & the 1997 ratio. Table 7

projects an increase in tota cdls that is based upon the increase in LUPP estimates of

population.

Table7

Projections of cal levels based upon population increases

Year |Population| Total | Fire Fire Residents [Non-Fire| Non-Fire |Residentsper
Calls |Calls| Call % per Calls Call % Non-FireCall
Fire Call
1998 49,970 1,377 187 14% 267 1,190 86% 42
1999 50,301 1,388| 190 14% 264 1,198 86% 42
2000 50,633 1,399| 194 14% 261 1,206 86% 42
2001 50,964 1,411 197 14% 258 1,213 86% 42
2002 51,295 1,422 | 201 14% 256 1,221 86% 42
2003 51,626 1,433| 204 14% 253 1,229 86% 42
2004 51,957 1,444 207 14% 251 1,237 86% 42
2005 52,283 1,456 | 211 14% 248 1,245 86% 42
2006 52,620 1,467 214 15% 246 1,253 85% 42
2007 52,951 1,478 218 15% 243 1,261 85% 42
2008 53,282 1,490 221 15% 241 1,269 85% 42
2009 53,613 1,501 | 224 15% 239 1,277 85% 42
2010 53,944 1,512 228 15% 237 1,284 85% 42
2011 54,275 1,524 231 15% 235 1,292 85% 42
2012 54,607 1,535| 235 15% 233 1,300 85% 42
2013 54,938 1,546| 238 15% 231 1,308 85% 42
2014 55,269 1,557| 242 16% 229 1,316 84% 42
2015 55,600 1,569 | 245 16% 227 1,324 84% 42




Table 7 data from the LUPP estimates a 11% increase in population and projects a 14%
increase in total cdls. Fire cdls could increase by 31% and non-fire cdls increase by 11%.

In 1997, an average of one person in 267 could be involved in afire call. 2015
projections involve an average of one person in 227 in afire call.

Table 7 utilizes the assumption that without increasing service programs the ratio of
resdentsinvolved in non-fire cals would stabilize at the 1997 figure of 42.

Table 6 represents the high end of anticipated cal growth and table 7 represents the low
end of anticipated call growth. As of June 30, 1998, call rates increased 2.5% over the same
period in 1997.

Geogr aphic | nformation System Results

The GIS cdculated dl routes possible from the existing station locations and proposed
gtation locations. Vaidation of the caculated response times was conducted by performing test
runs to the perimeter of the caculated response didtricts from existing stations. Test runs were
conducted starting at each of the two existing stations. Thirteen runs from Station #1 and 10 from
Station #2 provided a 10% sample of the 239 neighborhood nodes. Actud times were within
1.8% of the calculated times. Test runs confirmed that the formulas used to caculate distance did
represent the conditions found in Ames. Appendix E shows test run results for Station #1.
Appendix F shows test run results for Station #2.

The GIS cdculated the five-minute response didtricts for each scenario and their
asociated gatigtics in the listed aress:

1. Number of neighborhood nodes covered

2. Acrescovered
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The GIS cdculation of acres included in the current city boundariesis 13,747 acres. The
GIS egimate, utilizing the LUPP for the southwest growth ares, of totd acresin the Ames
Panning Digtrict by the year 2015 is 16,306. Neighborhood nodes were arranged on the GIS
base map for reference points. Current city boundariesincluded 191 neighborhood nodes and
239 neighborhood nodes are included in the LUPP projections for the year 2015. Geographic
boundaries, land use, target zones, or population dengty alocated neighborhood nodes. Results

of thefive scenarios follow:

Scenario #1 - Keep current station locations

In the current city limits, 154 of the 191 neighborhood nodes, or 81%, are within
the five-minute response goa. Five-minute response to the current city limits area of
13,747 acres can be reached for 10,612 acres or 77% of the total.

In the Ames Planning District, 169 of the 239 neighborhood nodes, or 70%, are
within the five-minute response god. Five-minute response to the city’ s planning area of
16,301 acres can be reached for 11,261 acres or 69% of the total.

Appendix G displays the outline of response districts and land use. Appendix H
displays the neighborhood nodes ingde of five minutes in green and outside of five

minutesin red.

Scenario #2 - Keep current station locations with railroad crossings closed
In the current city limits, 148 of the 191 neighborhood nodes, or 78%, are within
the five-minute response god. Five-minute response to the current city limits area of

13,747 acres can be reached for 10,340 acres or 75% of the totdl.
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In the Ames Planning District, 163 of the 239 neighborhood nodes, or 68%, are
within the five-minute response god. Five-minute response to the city’ s planning area of
16,301 acres can be reached for 10,988 acres or 67% of the total.

Appendix | digplays the outline of response digtricts and land use. Appendix J
displays the neighborhood nodes ingde of five minutesin green and outside of five

minutesin red.

Scenario #3 - Keep Station #1 at the present location, close Station #2 and build two new
dations

In the current city limits, 168 of the 191 neighborhood nodes, or 88%, are within
the five-minute response goa. Five-minute response to the current city limits area of
13,747 acres can be reached for 11,956 acres or 87% of the total.

In the Ames Planning District, 192 of the 239 neighborhood nodes, or 80%, are
within the five-minute response god. Five-minute response to the city’ s planning area of
16,301 acres can be reached for 13,017 acres or 80% of the total.

Appendix K displays the outline of response districts and land use. Appendix L
displays the neighborhood nodes ingde of five minutes in green and outside of five

minutesin red.



Scenario #4 - Keep Station #1 at the present location, close Station #2 and build three
new dations

In the current city limits, 180 of the 191 neighborhood nodes, or 94%, are within
the five-minute response god. Five-minute response to the current city limits area of
13,747 acres can be reached for 12,717 acres or 93% of thetotal.

In the Ames Planning Didrict, 220 of the 239 neighborhood nodes, or 92%, are
within the five-minute response god. Five-minute response to the city’ s planning area of
16,301 acres can be reached for 14,526 acres or 89% of the total.

Appendix M displays the outline of response digtricts and land use. Appendix N
displays the neighborhood nodes ingde of five minutesin green and outside of five

minutesin red.

Scenario #5 - Close both exigting stations and build four new gtations.

In the current city limits, 191 of the 191 neighborhood nodes, or 100%, are within
the five-minute response goa. Five- minute response to the current city limits area of
13,747 acres can be reached for 13,747 acres or 100% of the total.

In the Ames Planning District, 231 of the 239 neighborhood nodes, or 97%, are
within the five-minute response god. Five-minute response to the city’ s planning area of
16,301 acres can be reached for 15,555 acres or 95% of thetotal.

Appendix O displays the outline of response digtricts and land use. Appendix P
displays the neighborhood nodes insde of five minutes in green and outside of five

minutesin red.
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Table 8 summarizes the results of analyd's of five-minute response coverage by

neighborhood nodes and acres for LUPP projections of Amesin 2015.

Table8

Summary of GIS results for five-minute response digtricts for current city limits

29

Y ear 1998 Total 191 Nodes Tota Acres 13,747
Scenario Neighborhood % of Nodesin 5 Acresin % of Acresin
Number Nodesin 5 Minutes Minutes 5 Minutes 5 Minutes

1 154 81% 10,612 77%
2 148 78% 10,340 75%
3 168 88% 11,956 87%
4 180 94% 12,717 93%
5 191 100% 13,747 100%

Table 9 summarizes the results of andyds of five-minute response coverage by

neighborhood nodes and acres for LUPP projections of Amesin 2015.

Table9

Summary of GIS results for five-minute response didtricts based upon LUPP projections for

2015
Y ear 2015 Total 239 Nodes Tota Acres 16,306
Scenario Neighborhood % of Nodesin 5 Acresin % of Acresin
Number Nodesin 5 Minutes Minutes 5 Minutes 5 Minutes
1 169 70% 11,261 69%
2 163 68% 10,988 67%
3 192 80% 13,017 80%
4 220 92% 14,526 89%
5 231 97% 15,555 95%
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DISCUSSION

Modern congruction methods utilizing lightweight truss congruction are identified in the
literature review as posing sgnificant hazards to occupants and responders when exposed to fire,
In the last twenty years, Ames has had significant growth in residentid and commercia use of
truss congtruction. Truss congtruction coupled with increased fud load from synthetic
components and furnishings has increased the need for fast intervention and mitigation.

Brannigan (1979) makes the point that “atrussisatruss.” The materia of congtruction
does not matter; when a member of a component system fails, the whole system is prone to fail.
The AFD has encountered truss failure in resdentia and commercia settings.

A five-minute response time for fire calsis not alegidated requirement but one adopted
by the mgority of American cities the Sze of Ames. The LUPP has been a vauable resource for
planning municipa servicesincluding emergency response to fire cals. The anticipated growth
will bein areas currently outside of a five-minute response. Recent and future commercia and
indugtriad congtruction on the outskirts of town will increase cal numbers to areas with longer
response times.

Panning and Housing Director Brian O’ Connell expressed the opinion that eastern
expangon of commercid and industrid Sites may exceed the projections of the LUPP. The
response times to the Barilla plant currently under construction east of Interstate 35 are in excess
of 7 minutes.

Increased use of Campustown facilities poses a sgnificant problem for emergency
responses from Station #2. When it was initidly built, the Ste was the edge of an older retall
center. The LUPP designates Campustown as a Community Commercia Node. Recent

infrastructure improvements by the city and private enterprise show along-term commitment to



increase vehicular and pedestrian traffic. Delays caused by increased traffic pose a sgnificant
threat to residents needing emergency response and to persons in the emergency response travel
path. A maority of the gpparatus responses from Station #2 travel through one of the busiest
intersections of Ames at Welch and Lincoln Way.

Increased rail traffic extends the hours per day the crossings are closed from the current
3.05 hoursto 4.6 in 1999. Response vehicles encountering the Duff Avenue crossing closed,
adds response times from one to five minutes for the southeast quadrant of Ames.

Site-sharing partners have been identified that have the potentia to decreaseinitia and
continuing costs. MGMC and the AFD have shared responsibility for emergency medicd
responses. MGM C would make compatible services available from a shared facility. The
possibility exists of increased service program devel opment through increased interaction with
MGMC paramedics.

ISU FSl is presently in the early stages of a campaign to build anew fire training facility.
Richard Arwood, Executive Officer of 1ISU FSI, has expressed an interest in pursuing a shared
facility. The compatibility of serviceswith ISU FSI and smilarity of necessary facilitiesfor
housing and training make 1SU FSl a prime candidate for Ste sharing.

Analysis of NFIRS run data for the AFD indicates continued cal growth by the year
2015 of 14% to 76%. The 76% increase is based upon a straight growth trend model and may not
take into account the increased service program growth of the prior 15 years. Predicting a growth
rate based upon population increase ignores the trend in actud fire call increase that occurred
between 1983 and 1997. Responses to actud fire cals had no increase in service programs or

changes in reporting methods that may have affected the incurred increase of 59%. Predictions of



emergency response cal increases are best expressed as arange from the population growth
caculation of 14% and the linear growth trend caculation of 76%.

Presently 70% of neighborhood nodes for areas in the LUPP Ames Planning Didtrict lie
within the five-minute response god. Closely associated to the andysis of neighborhood nodesis
the andlysis of acres covered. The present locations provide five- minute response to 69% of the
totd acres estimated by the GIS as being within the Ames Planning Didtrict. Together the
neighborhood node and acres covered analysi's congtitutes the present response times for 1998
and beyond.

Figure 1 graphicdly displays current and LUPP projections for the year 2015 as

percentages of neighborhood nodes covered for dl five scenarios.

Fgure 1l

Percentage of Neighborhood Nodes in 5 Minute
Response Area (1998-2015)
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The current gtation configuration is represented in both Scenario #1 and Scenario #2. The
differenceisin Scenario #2, where it is assumed the railroad crossings encountered during
emergency response cals are closed. Five-minute response times diminish by 3% from 81% to
78% when rall traffic blocks emergency apparatus routes.

Scenario #3, closing station #2 and building two new dations, improves current five-
minute response coverage to 88% and diminates rail traffic consderations for first in apparatus.
By the year 2015 a three-gtation department would be able to provide emergency five-minute
emergency response to 80% of the community.

Scenario #4, is the four-gation option with existing Station #1 held in its current location.
Fve-minute response times cover 94% of the current city limits and 92% of the projected
neighborhood nodes in 2015. The weakness of this scenario is coverage of new industrid areas
eadt of Interstate 30. Moving Station #1 involves abandoning a modern facility with a substantia
invesment.

Ames daytime population is thought to be subgtantidly higher than the resident
population. The respongbility of emergency servicesfor visitors, employees who work in Ames
and live esawhere, non-resdent 1SU students, medica patients, and business customers has
increased as Ames became, and continues to increase its role of, aregiona commercia center.
With the movement, or new establishment, of Highway Oriented Commercid and Regiond
Commercia centers to locations on the present city boundaries, the ability for the AFD to
provide adequate emergency services response has and will continue to decline.

By closing Station #2 and building at two new Stes, for atotal of three Sations, the
percentage of neighborhood nodes and acres covered would increase to 80%. This report does

not recommend specific Ste sdection. It isthe opinion of the author that additional analyss of



potentia Sites for athree-tation scenario may move the five-minute response digtricts to as high
as 84%.

Implications of this research show the need for further study of specific Ste selection for
gation locations. The god of afive-minute response time is defendable and should be adopted.
Based upon LUPP population and area growth projections, present station locations provide
decreasing response time coverage. The three station scenario may provide adequate emergency

fire response for short-term. Based upon the LUPP projections for the year 2015, afourth station

will be necessary.

RECOMMENDATIONS

Further research should be conducted to prepare recommendations for new station
congtruction. Specific Ste selection, the addition of EMS considerations, manning, apparatus,
station congtruction design, and costs should be prepared for presentation to the city
adminigtration, council, and public.

Although this report recommends proceeding with new station construction, no additiona
recommendations should be devel oped without including Emergency Medica Services.
Diaogues with MGMC should be initisted so future research includes first in response for
Advanced Life Support. The relationship between MGMC and the AFD for Emergency Medica
Services should be dlarified pertaining to areas of responghility, initid and continuing cogts,

manning, training, apparatus, supplies, and equipment.
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The adoption of afive-minute response god for fire suppression is recommended. After
clarification of the AFD’ srole in Emergency Medica Service has been completed, through
didogues with MGMC, the five-minute response god may need to be lowered to four minutes.

Station recommendations follow:

1. Close Station #2.

2. Build three new gations.

Station #2 should be closed after congtruction of the three new gations is complete. The
current status of covering 81% of the existing city limits will declineto 70% in the next 17 years.
By moving to a four-gtation department the immediate need for adequate coverage improves to
94%. By the year 2015 the five-minute response coverage will decline under afour-station
scenario to 92%.

Ames could establish a three station temporary fix for locations so a fourth station can be
added without larger then necessary costs. One method may be to build athird station with a
planned fourth station. If a site could be obtained that provided acceptable immediate response
times and was located appropriately for afourth station, future moves and additiona construction
could be avoided. As of thistime there is no site recommendation that provides adequate
response times for both a three-gtation department and a future four-station department.

Another method to trangition from a three-station location to four presents amore
favorable solution. Based upon LUPP projections, Station #2 can be located in the NW quadrant
in pogition for the foreseeable future. Station #3 could be located to address the short-term needs
of Amesfor afive-minute response goal. Station #3 costs could be limited through cooperation
with Ste-sharing partners. When a future growth justifies the addition of afourth station, Station

#3 would be rel ocated.
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The AFD should gtart preliminary discussions with ste sharing partners. Site sharing can
reduce the initial and continuing costs associated with the establishment of new dations. 1ISU FSI
and MGMC are strong potential partners. Compatibility of services, plansfor expansion, and
expressed interest make ISU FSI and MGMC high priority options from the list of potentia

partners developed in this research.
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POPULATION PROJECTIONS

APPENDIX A

City of Ames Planning Areaand Story County 1990-2030

39

City of AmesPlanning Area Story County

Y ear Low High Low High

1990 50,000 50,200 74,252 74,252
1995 51,850 52,300 76,180 78,180
2000 53,750 54,400 78,400 80,400
2005 55,700 56,500 80,700 82,700
2010 57,600 58,600 83,100 85,100
2015 59,500 60,800 85,600 87,600
2020 61,400 62,900 88,100 90,000
2030 65,000 67,000 94,000 96,000




HOUSING PROJECTIONS

APPENDIX B

City of Ames/Planning Area and Story County 1990-2030

City of Ames Story County

Planning Area
Y ear Low High Low High
1990 | 17,200 | 17,300 | 26,847 | 26,847
1995 | 18,300 | 18,500 | 29,000 | 29,800
2000 | 19,000 | 19,200 | 29,900 | 30,700
2005 | 19,700 | 20,000 | 30,800 | 31,600
2010 | 20,400 | 20,700 | 31,700 | 31,500
2015 | 21,000 | 21,500 | 32,600 | 33,400
2020 | 21,700 | 22,200 | 33,600 | 34,400
2030 | 25,000 | 25,800 | 35,800 | 36,600
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APPENDIX C

LAND USE PROJECTIONS

City of Ames/Planning Area 1994-2030

1994 2030
Land Use Low High
Residentia 9,103 17% 10,800 | 20% 11,150 | 21%
Commercid 732 1% 1530 3% 1630| 3%
Industriad 852 2% 1,150 2% 1,230 | 2%
Public 5,489 10% 5620 | 10% 5,670 | 10%
Parks/Open Space 1,851 3% 2250 4% 2,300 | 4%
Other 36,081 67% 32,785 | 61% 32,128 | 59%
Totds | 54,108 | 100% 54,108 | 100% 54,108 | 100%




LAND USE POLICY PLAN

APPENDIX D
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Projections for population growth and Nationa Fire I ncident Reporting data from 1983 to 1997

FireCallsasa

Non-Fire Callsasa

Year | Population| Total Calls| FireCalls| % E):fal'ligtal Non-Fire Calls % of Total Calls
1983 | 45251 508 119 23% 389 7%
1984 | 45524 1 138 26% 403 74%
1985| 45799 585 157 27% 428 73%
1986 | 46075 600 156 26% 444 74%
1987 | 46354 780 165 21% 615 79%
1988| 46633 795 164 21% 631 79%
1989| 46915 788 164 21% 624 79%
1990| 47198 767 155 20% 612 80%
1991| 47481 788 127 16% 661 84%
1992 | 47766 839 167 20% 672 80%
1993| 48053 986 127 13% 859 87%
1994 | 48341 1164 181 16% 983 84%
1995( 48691 1232 186 15% 1046 85%
1996| 48983 1316 199 15% 1117 85%
1997 | 49277 1385 189 14% 1196 86%
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Run # Node | Time(sec.) | Distance | Feet/Sec. | 4 Minute | Distance | Feet/Sec.
1 144 277 14,764 53.30
240 11,994 49.98
2 245 211 13,409 63.55
Run<4 Min. - -
3 249 250 13,462 53.85
240 12,650 52.71
4 235 240 13,534 56.39
240 13,534 56.39
5 306 288 14,637 50.82
240 11,926 49.69
6 308 277 14,560 52.56
240 12,844 53.52
7 320 266 14,082 52.94
240 12,843 53.51
8 419 302 15,765 52.20
240 12,843 53.51
9 421 240 13,510 56.29
240 13,510 56.29
10 410 262 15,342 58.56
240 13,187 54.95
11 419 235 13,700 58.30
Run<4 Min. - -
12 416 226 14,080 62.30
Run<4 Min. - -
13 131 273 15,051 55.13
240 13,546 56.44




APPENDIX F
TEST RUN RESULTS FOR STATION #2

Run # Node | Time(sec.) | Distance | Feet/Sec. | 4 Minute | Distance | Feet/Sec.
1 201 273 13,604 | 49.83

240 12,048 | 50.20
2 220 261 14,189 | 54.36

240 13535 | 56.40
3 225 251 14,265 | 56.83

240 13520 | 56.33
4 312 336 18,115 | 53.91

240 13,158 | 54.83
5 325 224 14,490 | 64.69

RidMin. | N | T
6 363 253 14,150 | 57.35

240 13,818 | 57.58
7 337 213 13272 | 6231

Run<aMin| | | T
8 458 237 13,694 | 57.78

Run<aMin| | | TN
9 437 279 14,960 | 53.62

240 14,128 | 58.87
10 410 320 16,183 | 5057

240 12,351 | 51.46
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